We investigated whether genetic polymorphisms of vascular endothelial growth factor (VEGF) and transforming growth factor-␤1 (TGF-␤1), potential candidate genes in the pathogenesis of urinary tract infection (UTI) and vesicoureteral reflux (VUR), are associated with the susceptibility to UTI and VUR, and renal scarring. We recruited 89 controls and 86 UTI and 58 VUR children. The UTI group was subdivided into two groups according to renal scarring. Two polymorphisms of VEGF and three of TGF-␤1 genes were investigated by using PCR-restriction fragment length polymorphism analysis. In both UTI and VUR groups, there was an increase in frequency of the VEGF -460 CC (control, 4.3; UTI, 15.9; VUR, 17.8%; p Ͻ 0.05), TGF-␤1 -509 CC (control, 8.7; UTI, 34.6; VUR, 35.1%; p Ͻ 0.001), and TGF-␤1 -800 GG genotypes (control, 19.1; UTI, 40.5; VUR, 40.4%; p Ͻ 0.05). An increase in the TGF-␤1 ϩ869 CC (scar-positive, 35.4; scar-negative, 10.3%; p Ͻ 0.05) and a decrease in the ϩ869 TC genotype (scar-positive, 29.2; scarnegative, 55.2%; p Ͻ 0.05) were observed in the scar-positive subjects. There were no differences in ϩ405 VEGF genotype frequencies. The VEGF T-460C and the TGF-␤1 C-509T, G-800A, and T869C polymorphisms could be genetic markers of the process of UTI and VUR. (Pediatr Res 62: 183-187, 2007) 
U
TI and VUR are common childhood problems, leading to renal scars and increasing the risk of renal insufficiency and hypertension. Knowledge of the effects of cytokine regulation on the process of UTI has recently improved (1, 2) and insights into the pathogenesis, genesis, and outcome of VUR and renal scarring also have been made (3) . Many in vitro studies have shown that the expression of individual cytokines or cytokine receptors is influenced by polymorphic genotypes within regulatory regions, and that these polymorphic genotypes may play pivotal roles in the pathogenesis and progression of chronic renal diseases (4) . We also recently reported the associations of genetic polymorphisms of the reninangiotensin system, which are known to affect renal pathophysiology and primary VUR (5) .
Among various proteins, vascular endothelial growth factor (VEGF) and transforming growth factor-␤1 (TGF-␤1) have been implicated as potential candidate genes in the pathomechanisms of numerous renal diseases. VEGF, also known as vascular permeability factor, is a potent mitogen that enhances the proliferation of vascular endothelial cells, angiogenesis, and microvascular permeability (6) . In the kidney, VEGF is expressed in glomerular podocytes, as well as epithelial cells of distal tubules and collecting ducts. VEGF expression is enhanced in mesangial proliferative disease, chronic tubulointerstitial injury, membranous nephropathy, and diabetic nephropathy (7) . Neovascularization in scarred kidneys and significant increase of urinary VEGF accompanying increased severity of renal scarring have been also reported (8, 9) .
TGF-␤1 appears to be a key cytokine that initiates and terminates tissue repair. It is a multifunctional cytokine involved in the regulation of cell proliferation, differentiation, extracellular matrix formation, and immune response (10) . Furthermore, the crucial role that this cytokine plays in the development and progression of renal injury has been well documented. Several studies suggest that TGF-␤1 is involved in the pathogenesis of congenital obstructive uropathies, acute pyelonephritis, and subsequent renal scarring (1, 11) , and recently an in vitro VUR model shows that TGF-␤1 to be one of the key cytokines that initiates the inflammatory cascade of RN and functions in the chronic inflammatory phase (12) .
Polymorphisms within the VEGF and TGF-␤1 genes have often been linked to overproduction of these proteins, and both predisposition to and sequelae of progressive renal disease (13) (14) (15) . Several polymorphisms of the VEGF and TGF-␤1 genes have been identified, and there are reports on the association of TGF-␤1 gene polymorphism and renal scarring (15, 16) . On the other hand, there is no published study on the link of VEGF gene polymorphism to renal scar formation, despite of the importance of hypoxia and angiogenesis in the scar formation. Therefore, the purpose of our study was to test the hypothesis that two common (T-460C and G405C) polymorphisms of the VEGF gene and three (C-509T, G-800A, and T869C) polymorphisms of the TGF-␤1 gene may be risk factors for UTI, VUR, and renal scarring.
METHODS
Study population. A total of 86 UTI patients, with a proven evidence of UTI (recognized symptoms with pure growth of Ͼ10 5 organisms/mL on a catheter or suprapubic specimen of urine) were prospectively studied. Every UTI patient had a voiding cystourethrography at least 7 d postinfection and a total of 58 patients were diagnosed as having VUR. Patients were enrolled from the hospitalized patients of pediatric department of the Korea University Hospital when they had their first UTI. Technetium-99m dimercaptosuccinate renal scans (DMSA) were performed at the diagnosis of UTI, and again 3 mo postinfection, with the result of the last DMSA taken into consideration. The UTI group was divided into those who had RPS and those without scarring (NS) 3 mo after a proven UTI. Patients with an equivocal scan [renal hypoplasia; small kidney(s) with smooth parenchymal outlines and no focal changes], obstructive uropathy, reflux secondary to neurogenic bladder, or external malformations of the genitourinary tract were excluded. The control group consisted of 89 healthy children with no previous history of UTI or renal disease. Ethical approval for the study was granted by the Ethics Committee of the Medical College of Korea University. After informed consent for the genetic studies was obtained from the parent(s) of all subjects, blood samples were obtained for DNA analysis.
Genetic analysis. Genomic DNA was extracted from EDTA-anticoagulated blood, using a salting-out method. Specific oligonucleotide primers were designed for VEGF (13) and TGF-␤1 (15, 17, 18) polymorphisms by using genomic sequences published previously. PCR amplification for each polymorphism was performed in a total reaction volume of 20 L with 2 L of genomic DNA, 5 L of each of primer, 250 M dNTP, 1.5 mM MgCl 2 , 40 mM KCl, 10 mM Tris-HCl (pH 9.0), and 1 U TaqDNA polymerase (Bioneer, Daejeon, Korea). Thermal conditions included denaturation at 94°for 5 min, followed by 32 or 35 cycles at 94°for 1 min, annealing at 57.5-62°for 30 -40 s, and extension at 72°for 1 min, with a final extension at 72°for 5 min. All PCR reactions were performed on a thermal cycler GeneAmp PCR system 2400 (Perkin-Elmer, Boston, MA). Restriction fragment length polymorphism (RFLP) was then performed by digestion of 10 L of PCR product with 10 L of appropriate restriction enzyme at temperatures recommended. Digested products were electrophoresed through ethidium bromide-stained 3% agarose gels or 10% polyacrylamide gels, and detected by UV transillumination. Specific details of primer sequences, PCR conditions, and RFLP are summarized for each polymorphism in Table 1 . VEGF -460 C¡T and TGF-␤1 ϩ869 T¡C do not create or remove an enzyme restriction site; therefore, a base change was incorporated within the primer to create enzyme restriction sites.
For VEGF T-460C polymorphism, the amplified 175 bp fragments were digested with BstUI (Biolabs, Beverly, MA) and restriction products were resolved on 3% agarose gel. Two fragments of 155 bp and 20 bp were present if the product was digestible. The polymorphism was characterized as CC homozygote (digestible), TT homozygote (indigestible), and TC heterozygote. For VEGF Gϩ405C polymorphism, BsmFI (Biolabs) was used to digest the amplified 304 bp fragments. The G allele was cut into 203 bp and 101 bp fragments, whereas the C allele was not digested. For TGF-␤1 C-509T polymorphism, the amplified 808 bp fragments were digested with Bsu36I (Biolabs). Two fragments of 617 bp and 191 bp were shown if the product was digestible. The polymorphism was categorized as CC homozygote (cuttable), TT homozygote (uncuttable) and CT heterozygote. For TGF-␤1 G-800A polymorphism, the PCR products were digested with Mae III (Roche Diagnostics, Mannheim, Germany). After ethidium bromide staining, 205 bp and 183 bp fragments appeared on the polymorphic -800G allele, whereas a 388 bp fragment appeared on the -800A allele. For TGF-␤1 Tϩ869C polymorphism, MspA1I (Promega, Madison, WI) was used to detect the Tϩ869C (Leu10Pro) genotype and restriction products were resolved on 10% polyacrylamide gel. The T allele was characterized by a 161 bp fragment and the C allele by a 149 bp fragment.
Statistical analysis. Statistical analyses were performed using SigmaStat version 2.03 for Windows (Systat Software, Inc., San Jose, CA). The frequencies of the genotypes among the groups were evaluated by the 2 test with p Ͻ 0.05 considered statistically significant.
RESULTS

Study groups.
The 168 subjects were genotyped for VEGF and TGF-␤1 polymorphisms. Patients with equivocal scan (3), obstructive uropathy (2), reflux secondary to neurogenic bladder (1) and external malformations of the genitourinary tract (1) were excluded. The number of UTI patients was 79 (male 54.4%, female 45.6%), which included 48 patients with RPS and 31 patients with NS, while there were 57 VUR patients (male 56.1%, female 43.9%). There were 89 control subjects (male 56.2%, female 43.8%) and the gender distribution was similar among the groups. Median age of the children in the UTI group was 3.4 y, VUR 3.2 y, and control 3.5 y. All subjects were of Korean origin. There was a higher incidence of VUR in the RPS subjects than in the NS subjects (87.5% versus 48.4%, p Ͻ 0.001).
Genotype distribution. The distributions of genotypes and alleles for each polymorphism in patients and controls are shown in Table 2 .
VEGF polymorphisms. In both UTI and VUR groups, the VEGF -460 polymorphism revealed an increase in CC genotype (control, 4.3; UTI, 15.9; VUR, 17.8%; p Ͻ 0.05) and a decrease in TC genotype (control, 41.4; UTI, 14.3; VUR, 8.9%; p Ͻ 0.001), compared with the control group. There was no significant difference in the VEGF ϩ405 genotype frequency among the groups.
TGF-␤1 polymorphisms. Compared with the control group, the TGF-␤1 -509 CC genotype was found to be significantly increased in both UTI and VUR groups (control, 8.7; UTI, 34.6; VUR, 35.1%; p Ͻ 0.001). In the UTI group, -509TT genotype was decreased compared with the control group (control, 41.3; UTI, 24.4%; p ϭ 0.035). Also, TGF-␤1 -800 GG genotype was significantly increased in both UTI and VUR groups than in the control group (control, 19.1; UTI, 40.5; VUR, 47.4%; p Ͻ 0.005). The TGF-␤1 -800 GA genotype was significantly decreased in both UTI and VUR groups (control, 80.9; UTI, 59.5; VUR, 52.6%; p Ͻ 0.005). In the TGF-␤1 ϩ869 TC polymorphism, there was no significant difference in genotype distribution among the groups. However, compared with the NS subjects in the UTI group, the RPS subjects revealed a significant increase in the ϩ869 CC genotype (RPS, 35.4; NS, 10.3%; p ϭ 0.03) and decrease in the TC genotype (RPS, 29.2; NS, 55.2%; p ϭ 0.043). Separate analysis between the children with UTI and no VUR and the control group. Compared with the control group, the TGF-␤1 -509 CC genotype was found to be significantly increased (control, 8.7; UTI without VUR, 33.3%; p ϭ 0.011) and -509 TT genotype was decreased (control, 41.3; UTI without VUR, 9.5%; p ϭ 0.014) in the children with UTI and no VUR. There were no significant differences in the frequencies of other genotypes between the children with UTI and no VUR and the controls.
DISCUSSION
This study showed a significant increase of VEGF -460 CC, TGF-␤1 -509 CC, and -800 GG genotypes in Korean patients with UTI and/or VUR as compared with normal controls. Also, the TGF-␤1 ϩ869 CC genotype was more frequent in RPS subjects than in NS subjects. Our findings suggest that these VEGF and TGF-␤1 polymorphisms may influence the susceptibility of Korean children to UTI, VUR, or subsequent renal scarring.
A significant correlation has been observed between VEGF protein production and two polymorphisms (-460/ϩ405) investigated in this study. The VEGF Gϩ405C polymorphism was significantly correlated with VEGF production in vitro (13) and carriage of the -460C/ϩ405G polymorphisms increased basal promoter activity by 71% compared with the wild-type sequence (19) . Two polymorphisms at positions ϩ 405 and -460 the start of transcription have been implicated as candidate single nucleotide polymorphisms (SNP) in diseases with a putative angiogenic basis (14, 20) .
In this study, we observed increased frequency of the VEGF -460 CC genotype in patients with UTI and/or VUR, compared with the controls. Interestingly, there was no difference in the distribution of -460 genotypes between patients with RPS and those with NS, and none of the ϩ405 genotypes was found more frequently in the UTI and/or VUR group or in subjects with RPS.
There is emerging evidence that VEGF is a proinflammatory factor and induces migration and activation of monocytes through induction of adhesion molecules (21) . Intracellular adhesion molecule (ICAM)-1 expression was increased in serum of children with acute pyelonephritis (22) and those with VUR (23) . According to the developmental theory of VUR (24) , ectopic ureteral budding results in defective vesicoureteral valve, resulting in VUR. Recent findings showed that ectopic budding occurs in angiotensin type II receptor (AT2) null mutant embryos (25) . Angiotensin II has also been reported to regulate vascular endothelial growth factor (VEGF) synthesis at the initiation phase of translation of VEGF mRNA in proximal tubular epithelial cells (26) . VEGF is expressed both in podocytes and in tubular epithelial cells and adjacent metanephric mesenchymal cells in the developing kidney (27) and dysregulation of VEGF leads to distinct congenital renal disease (28) . Taken together, VEGF may be one of the multiple genes or one of the genetic modifiers of AT2 in the development of UTI and/or VUR, and the -460 CC genotype could be associated with this increased activity of VEGF.
In contrast, Chen et al. (29) revealed that the frequency of the -406 T allele was increased in patients with calcium stone disease, suggesting that the pathogenesis of stone disease occurs via a VEGF-related signal transduction pathway. However, these authors did not clarify the association between this allelic frequency and VEGF expression. Why, then, was there no correlation with the VEGF -460 polymorphism and RPS? A cohort study demonstrated an association of the -460 C allele with progression to chronic kidney disease stage 5, implying that C allele at -460 may form part of a complex haplotype associated with progressive renal disease (14) . VEGF is known to modify the renal scarring process via a variety of mechanisms (30) and is secreted from tubular cells by hypoxic stimulation (31) . Because severe RN reflects tubulointerstitial damage, there may be a decrease in the number of functional tubules that produce and secrete VEGF, implying that decreased urinary VEGF is a poor prognostic indicator in patients with severe RN (9). Our finding that there was no correlation between VEGF -460 polymorphism and renal scarring could be attributed to diverse VEGF expression resulting from different severities of renal parenchymal damage.
Although we did not examine urinary VEGF level in our present study, it is likely that VEGF -460 polymorphism may be involved in determining susceptibility to UTI and/or VUR, reflecting increased VEGF production in the kidney. However, there may exist other polymorphisms that influence VEGF expression which were not analyzed in this study. As for VEGF ϩ405 polymorphism, there are conflicting results as to whether elevated serum levels of VEGF are associated with ϩ405 G allele or C allele (13, 20) . It is also arguable whether serum is a suitable medium in which to measure VEGF, since platelets represent a large source of stored VEGF (32) .
We also observed that TGF-␤1 polymorphisms were associated with susceptibility to UTI, VUR, or renal scarring. The TGF-␤1 -509 polymorphism occurs within the promoter region, the -800 polymorphism within the consensus cAMPresistant binding protein half-site, and the -869 polymorphism in the signal peptide sequence that is cleaved from the TGF-␤1 precursor at codon 29 (26 -28) . Linkage disequilibrium has often been found between C-509T and G-800A (33) or C-509T and Tϩ869C (34) polymorphisms. These polymorphisms have been reported to be associated with the transcriptional activity or the serum level of the gene, indicating predisposition to diseases (15, 33, 35) .
TGF-␤1 has been found in increased concentrations in the urine of children with UTI (36) and polymorphisms of other inflammatory mediators may be involved in determining the severity of RPS following UTI (15, 37) . Hydrodynamic pressure mimicking VUR in vitro increased TGF-␤1 secretion from renal tubular epithelial cells, showing that hydrodynamic and mechanical stress caused by sterile VUR could induce secretion of TGF-␤1 from the ureteric bud cells, interfering with the induction of metanephric mesenchymal development (12) . Data also exist suggesting that TGF-␤1 and angiotensin II regulate the expression of each other (38) . All these findings support the hypothesis that TGF-␤1 may be an important factor in the pathogenesis of UTI, VUR and renal scarring.
In this study, the frequency of the -509 CC and -800 GG genotypes was significantly increased in patients with UTI and/or VUR, and there was no correlation with renal scarring. Conversely, the frequency of the ϩ869 CC genotype was increased in patients with RPS compared with those with NS, but not in those with UTI and/or VUR.
T-509, G-800, and Cϩ869 alleles have often been reported to be associated with serum or in vitro TGF-␤1 level, but contrasting results have been published (15, 33, 35) . Cotton et al. (15) showed an association between -800 GA genotype and low TGF-␤1 production in vitro, suggesting a protective role against RPS, but there was no association between -509 or ϩ 869 genotypes and protein production. On the other hand, Sato et al. (34) demonstrated that both patients with IgA nephropathy with -509 CC and those with ϩ869 CC genotypes presented with heavy proteinuria and a higher score of mesangial cell proliferation, indicating the importance of proving the direct association between TGF-␤1 gene variation and its expression in local renal tissue. Recently, Farmaki et al. (36) also observed significantly higher TGF-␤1 concentrations in the urine of children with normal DMSA scans than in those with abnormal DMSA scans. They observed that urinary TGF-␤1 is secreted for a very short time after the diagnosis of UTI, with a time-dependent decrease. Thus, the evidence to support a role for TGF-␤1 in RPS following UTI is conflicting (15, 36) and TGF-␤1 polymorphisms may be more important as risk factors for VUR and initial infection.
Since the majority of children with UTI also had VUR, it is difficult to sort out whether the polymorphisms correlate with risk of UTI or risk of VUR. A separate analysis of the children with UTI and no VUR would be helpful in this regard. However, this analysis was restricted to showing only the differences of TGF-␤1 C-509T polymorphisms. Low numbers of patients with UTI and no VUR may contribute to these varying results. It is also very difficult to determine the true associations of the polymorphisms because VUR and UTI are associated with each other. Further study with more participants is needed to verify and adequately explain our findings.
Interestingly, the majority of patients in our study were male, which differs from other studies. Most of patients were not extremely young, and there was no significant age difference among the groups. We cannot explain this, but it seems unlikely that this sex distribution would affect the results of these polymorphisms.
There are some limitations in explaining the correlation of these polymorphic variants with VEGF or TGF-␤1 level, since we did not measure protein concentrations. The relationship between genotypes and protein function could even be more complicated than it appears to be. There is also a possibility that these polymorphisms may be in linkage disequilibrium, which would affect the VEGF and TGF-␤1 activity in the pathogenesis of UTI, VUR, and RPS. Haplotype analysis could be more informative than the SNP. Many parameters such as different ethnic background or other genetic modifiers could potentially influence the results of genetic polymorphisms. Further prospective study with a long-term follow-up is needed to establish prognostic significance of these genetic polymorphisms in UTI and VUR, and subsequent renal scarring.
186
In summary, VEGF and TGF-␤1 polymorphisms may have important roles in the pathogenesis or progression of UTI and VUR. The findings of this study imply that the VEGF T-460C and the TGF-␤1 C-509T, G-800A, and Tϩ869C polymorphisms could be candidate genetic markers of development and progression of childhood UTI and VUR.
